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BACKGROUND OF THE INVENTION 
Field of the Invention 

[001] The invention relates to integrated circuit 

processing and, more particularly, to the introduction and 
patterning of interconnections on an integrated circuit. 

Description of Related Art 

[002] Modern integrated circuits use conductive 

interconnections to connect the individual devices on a chip 
or to send and/or receive signals external to the chip. 
Popular types of interconnections include aluminum alloy 
interconnections (lines) and copper interconnections (lines) 
coupled to individual devices, including other 
interconnections (lines) by interconnections through vias. 

[003] A typical method of forming an interconnection, 

particularly a copper interconnection, is a damascene 
process. A typical damascene process involves forming a via 
and an overlying trench in a dielectric to an underlying 
circuit device, such as a transistor or an interconnection. 
The via and trench are then lined with a barrier layer of a 
refractory material, such as titanium nitride (TiN) , 
tantalum (Ta) , or tantalum nitride (TaN) . The barrier layer 
serves, in one aspect, to inhibit the diffusion of the 
interconnection material that will subsequently be 
introduced in the via and trench into the dielectric. Next, 
a suitable seed material is deposited on the wall or walls 
of the via and trench. Suitable seed materials for the 
deposition of copper interconnection material include copper 
(Cu) , nickel (Ni) , and cobalt (Co). Next, interconnection 
material, such as copper, is introduced by electroplating or 





Express j^^^ 



No, EL635698592US 



physical deposition in a sufficient amount to fill the via 
and trench and complete the interconnect structure. Once 
introduced, the interconnection structure may be planarized 
and a dielectric material (including an interlayer 
dielectric material) introduced over the interconnection 
structure to suitably isolate the structure. 

[004] Copper has become a popular choice of 

interconnection material for various reasons, including its 
low resistivity compared with the resistivity of aluminum- or 
aluminum alloys. Nevertheless, copper interconnection 
material is not without its own limitations. One limitation 
is that copper does not adhere well to dielectric material. 
The barrier material on the side walls of a via and trench 
as explained above provides adhesion to the adjacent 
dielectric material. However, in the damascene process 
described above, no barrier material is present on the top 
of the interconnect material and, consequently, copper is 
typically in direct contact with the dielectric material. 
Poor adhesion of copper material to dielectric material 
3 contributes to electromigration by the copper material 

during, for example, current flow. 

[005] A second problem encountered by copper 

interconnection material involves the difficulty in 
completely filling a via with copper material. In a typical 
electroplating introduction process, voids can appear in the 
via. The voids tend to aggregate and create reliability 
issues for the interconnection. The voids also increase the 
resistance of the via. 

[006] Another limitation of copper interconnection 

material as it is currently introduced is the tendency of 
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the formed interconnection to blister or form hillocks due 
to subsequent annealing steps typically encountered in the 
formation of integrated circuit devices at the wafer level. 
These blisters or hillocks disrupt the otherwise planarized 
layers of interconnections over the wafer. 

[007] What is needed are improved interconnect 

structures and techniques for improving the introduction and 
properties of an interconnection structure. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[008] Figure 1 shows^a schematic, cross-sectional side 

view of an intercoriJ?¥^ct structure according to an embodiment 
of the invention. 

[009] Figure 2 sjx5ws the structure of Figure 1 after the 

introduction of a/shunt material cap. 

[0010] Figure 3 sh^>*^fs a schematic, cross-sectional side 

view of an intercpilhect structure formed in a dielectric 
material and lined with barrier material in accordance with 
a second embodiment ofXthe invention. 

[0011] Figure/^ shows the structure of Figure 3 after the 

introduction of shunt material over the barrier material. 



[0012] Figure 

introduction of 

[0013] Figure 

introduction of 
material . 




he structure of Figure 4 after the 
ial over the shunt material. 

he structure of Figure 5 after the 
ect material over the seed 
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[0014] Figure 7 sho\^ the structure of Figure 6 after the 

introduction of a s}jjrfnt material cap. 

[0015] Figure 8 shpws a schematic, cross-sectional side 

view of an interconj^ct structure including a via 
substantially fii^Jed with shunt material and interconnect 
material encapsulated by shunt material. 



DETAILED DESCRIPTION 

[0016] An integrated circuit is disclosed, as well as 

methods for forming such a circuit. In one embodiment, an 
J"^* interconnect structure including a conductive shunt material 

in is described. The shunt material may, for example, overlie 

the interconnection material, such as overlie copper 
interconnection material in a trench and .via; surround the 
£^ interconnection material, such as by lining the walls of a 

trench and via; and/or substantially fill the via of a via 

[¥ and trench interconnection configuration. The conductive 

-J -p 

13 shunt material is selected, in one aspect, for the 

beneficial attributes toward improving an interconnect 
structure. In terms of interconnect structures comprising 
copper, for example, such attributes include, but are not 
limited to, improved adhesion to dielectric material, 
reduction of hillocks or blistering, and reduction of 
electromigration . 

[0017] In another embodiment, a technique for introducing 

a shunt material is described. That technique involves a 
chemically-induced oxidation-reduction reaction process 
described also as an electroless plating process. The 
electroless process allows a shunt material to be 
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selectively introduced where desired such as on surfaces 
where an oxidation-reduction reaction can occur. The 
electroless process described herein also does not require a 
preliminary activation step to introduce the shunt material. 
Further, by controlling the components involved in the 
oxidation-reduction or electroless process (e.g., reducing 
agents, chelating agents, pH modifiers, catalysts, etc.) the 
introduction of contaminant species into the interconnection 
material or shunt material is reduced. 

[0018] Figure 1 shows a typical integrated circuit 

structure, such as a portion of a microprocessor chip on a 
silicon wafer. A typical integrated circuit such as a 
microprocessor chip may have, for example, four or five 
interconnection layers or levels separated from one another 
by dielectric material. Structure 100 includes an 
interconnection line over substrate 110. Substrate 110 may 
be the wafer substrate having circuit devices, including 
transistors, thereon as well as one or more levels of 
interconnection to devices. Figure 1 shows contact point 
120 that may be a circuit device formed on or in a wafer or 
an interconnection line formed above the wafer to devices on 
the wafer. It is to be appreciated that the techniques 
described herein may be used for various interconnections 
within an integrated circuit including to circuit devices 
and other interconnections. In this sense, contact point 
120 represents such devices or interconnections where an 
interconnection contact is made. 

[0019] Figure 1 illustrates a cross-sectional side view 

of a portion of a substrate. Overlying substrate 110 is 
dielectric material 130. Dielectric material 130 is, for 
example, silicon dioxide (Si02) formed by a tetraethyl 
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orthosilicate (TEOS) or a plasma enhanced chemical vapor 
deposition (PECVD) source. Dielectric material 130 may also 
be a material having a dielectric constant less than the 
dielectric constant of Si02 (e.g., a ^'low k" material), 
including polymers as known in the art. 

[0020] Figure 1 shows via 17 0 through dielectric material 

130 to expose contact point 110. Figure 1 also shows trench 
175 formed in a portion of dielectric material 130 over via 
170. A trench and via may be formed according to known 
techniques by, for example, initially using a mask, such as 
a photoresist mask to define an area (e.g., a cross- 
sectional area) for a via opening and etching the via with a 
suitable chemistry, such as, for example, a CH3/CF4 or C4F8 
etch chemistry for Si02. The mask may then be removed (such 
as by an oxygen plasma to remove photoresist) and a second 
mask patterned to define a greater area (e.g., a greater 
cross-sectional area) for a trench opening. A subsequent 
mask and etch is introduced to form a trench and the second 
mask is removed leaving the substrate shown in Figure 1. 

[0021] Figure 1 also shows the substrate having barrier 

material 140 formed along the side walls of the via and 
trench opening. In one embodiment, barrier material 140 
deposited through a thickness of approximately 10-50 
nanometers (nm) depending on the desired characteristics of 
the barrier material. For example, barrier material 140 is 
chosen, in one embodiment, to be effective to inhibit 
interconnect material diffusion, such as copper diffusion 
into dielectric material 130. Barrier material 140 may also 
be chosen for its adhering properties to dielectric material 
130. Suitable materials for barrier material '140 include 
tantalum (Ta) , tantalum nitride (TaN) , tantalum silicon 
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nitride (TaSiN) , tungsten (W) , tungsten nitride (WN) , 
tungsten silicon nitride (WSiN), titanium (Ti) , titanium 
nitride (TiN) , titanium silicon nitride (TiSiN) , and cobalt 
(Co) . Barrier material 140 may be introduced by 
conventional techniques, such as chemical vapor deposition. 
In one embodiment, barrier material 140 is introduced as a 
blanket over dielectric material 130 and along the side 
walls and bottom of via 170 and along the side walls of 
trench 175, 

[0022] Referring to Figure 1, overlying barrier material 

140 as a blanket including along the side walls and bottom 
of via 170 and trench 175 is seed material 150. Seed 
material 150 is used, in one sense, in connection with a 
subsequent electroplating process to form an interconnection 
in via 170 and trench 175. While barrier material may be a 
conductive material such as a titanium compound that may be 
capable of carrying a current utilized in an electroplating 
process, barrier material 140 may also not be a good 
conductor and may cause non-uniform current flow which, in 
turn, may adversely affect the electroplating process and 
the reliability of the interconnection. Seed material 150, 
on the other hand, generally provides uniform current flow 
during electroplating. Moreover, seed material 150 provides 
enhanced adhesion of the subsequently formed interconnection 
to the substrate. 

[0023] In one embodiment, seed material is, for example, 

a copper material introduced using standard chemical or 
physical deposition techniques, A thickness of seed 
material 150 along the side walls and bottom of via 170 and 
trench 175 of less. than 3,000 angstroms (A) is suitable. 
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[0024] Figure 1 shows structure 100 after filling via 170 

and trench 175 with interconnection material 160 of, for 
example, a copper material. The typical introduction 
technique for a copper interconnection material as noted 
above is an electroplating process. By way of example, a 
typical electroplating process involves introducing a 
substrate (e.g., a wafer) into an aqueous solution • 
containing metal ions, such as copper sulf ate-based 
solution, and reducing^ the ions (reducing the oxidation 
number) to a metallic state by applying current between 
substrate with seed material 160 and an anode of an 
electroplating cell in the presence of the solution. Copper 
metal is deposited on to seed material 150 to fill via 170 
and trench 175 and formed a copper interconnection material 
160. 

[0025] In one embodiment, interconnection material 160 is 

copper or a copper alloy. Suitable copper alloys include 
copper tin (CuSn) , copper-indium (Cuin) , copper-cadmium 

(CuCd) , copper-zinc (CuZn) , copper-bismuth (CuBi) , copper- 
ruthenium (CuRu) , copper-rhodium (CuRh) , copper-rhenium 

(CuRe) , copper-tungsten (CuW) , copper-cobalt (CuCo) , copper- 
palladium (CuPd) , copper-gold (CuAu) , copper-platinum 

(CuPt) , and copper-silver (CuAg) . Alloys are generally 
formed by one of two methods. Typically, copper-tin, 
copper- indium, copper-cadmium, copper-bismuth, copper- 
ruthenium, copper-rhenium, copper-rhodium, and copper- 
tungsten are electroplated. Alternatively, copper may be 
doped with catalytic metals such as silver, platinum, tin, 
rhodium, and ruthenium by introducing a contact displacement 
layer on top of planarized copper interconnection material 

(see next paragraph) and annealing to form an alloy. 
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[0026] 



Structure 100 may be planarized such as by a 



chemical-mechanical polish as known in the art to dielectric 
material 130 to remove barrier material 140, seed material 
150, and any interconnection material 160 present on the 
upper surface of dielectric material 130. Figure 1 shows 
structure 100 having interconnect material 160, seed 
material 150 and barrier material 140 introduced into via 
170 and trench 175 with the surface of dielectric material 
130 and the interconnect structure planarized. 

[0027] Figure 2 shows the substrate of Figure 1 after the 

further introduction of conductive shunt material 180 to the 
superior or exposed surface of the interconnect structure. 
Shunt material 180 is introduced, in one aspect, to improve 
the adhesion between interconnection material 160 and an 
overlying, subsequently introduced dielectric. By improving 
the adhesion between the interconnect structure and the 
subsequently introduced dielectric, the electrical migration 
of the interconnect structure, particularly during current 
flow through the interconnect structure, may be improved 
over prior art configurations. In a second aspect, the 
presence of shunt material 180 over interconnect material 
160 reduces the tendency of blistering or hillock formation 
of interconnect material 160 due to subsequent annealing 
steps in the fabrication of an integrated circuit device, A 
further advantage of including shunt material 180 is that 
such material may serve as an etch stop in subsequent 
etching operations to the interconnect structure. 

[0028] One technique for introducing shunt material 180 

is through a chemically-induced oxidation-reduction reaction 
also referred to herein as electroless plating. Unlike an 
electroplating process, an electroless plating process is 
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not accomplished by an externally-supplied current, but 
instead relies on the constituents of the plating process 

(e.g., constituents of a plating bath) to initiate and carry 
out the plating process. One technique involves placing 
structure 100 in a bath containing one or more metal ions to 
be plated or introduced onto the exposed conductive surfaces 

(e.g., conductive material 160, seed material 150, and 
barrier material 140) as shunt material 180; and one or more 
reducing agents to reduce the oxidation number of the metal 
ions. As described, the refractory, noble and/or transition 
metals are introduced in an ionic state with a positive 
oxidation number. Since the metals are in an ionic state 
having a positive oxidation number, they are in a sense 
shunt material precursors. 

[0029] In one embodiment, the shunt material includes . 

cobalt or nickel, or an alloy of cobalt or nickel. Suitable 
cobalt alloys include, but are not limited to cobalt 
phosphorous (CoP) , cobalt-boron (CoB) , cobalt-phosphorous- 
boron (CoPB) , cobalt-metal-phosphorous (CoMeP) , cobalt- 
metal-boron (CoMeB) , and cobalt-metal-phosphorous-boron 
(CoMePB) . As used herein, "Me" includes, but is not limited 
to nickel (Ni) , copper (Cu) , cadmium (Cd) , zinc (Zn) , gold 
(Au) , silver (Ag) , platinum (Pt), ruthenium (Ru) , rhodium 
(Rh) , palladium (Pd) , chromium (Cr) , molybdenum (Mo), 
iridium (Ir) , rhenium (Re) , and tungsten (W) . The use of 
refractory metals (e.g., W, Re, Ru, Rh, Cr, Mo, Ir) improve 
the properties of shunt material 180 by improving the 
adhesive properties of the shunt material as well as the 
mechanical hardness of shunt material 180, Combining Co 
and/or Ni material with a noble metal (e.g., Au, Ag, Pt, Pd, 
Rh, Ru) allows the noble metals to act as a catalytic 
surface for the electroless plating on Cu and Cu alloys 
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lines/vias. The use of metals such as Ni, Cu, Cd, Zn, Pd, 
Au, Ag, Pt, Sn, Rh, and Ru allow direct introdution (e.g., 
deposition) of the shunt material onto barrier material. 
Phosphorous (P) and boron (B) are added to the shunt 
material as a result of reducing agent oxidation. P and B 
tend to improve the barrier and corrosion properties of the 
shunt material. 

[0030] Without wishing to be bound by theory, it is 

believed" that the exposed conductive surfaces on structure 
100/ when exposed to the components of the bath, undergo an 
oxidation-reduction (REDOX) reaction. The oxidation number 
of the metal ions of the introduced shunt metal elements are 
reduced while the oxidation number of the reducing agent (s) 
are increased. Noble metals such as Au, Ag, Pt, Pd, Rh, and 
Ru can also displace exposed copper metal in structure 100, 
the displaced copper metal being oxidized to copper ions 

(e.g., contact displacement). In terms of introducing metal 
ions of cobalt, metal ions (shunt material precursors) such 
as cobalt supplied by cobalt chloride, cobalt sulfate, etc., 
are introduced in a concentration range, in one embodiment, 
of about 10-70 grams per liter (g/1), alone or with the 
addition of compound containing metal ions of a desired 
alloy constituent (e.g., Ni, Cu, Cd, Zn, etc.). Examples of 
suitable additional compounds include ammonium tungstate 

(for alloying with W) , ammonium perrhenate (for alloying 
with Re), etc. A suitable concentration range for the 
additional compound (s) includes 0.1 to 10 g/1. 

[0031] - To introduce the metal ions onto a conductive 

surface such, as copper, tantalum or titanium, the oxidation 
number of the introduced metal ions is reduced. To reduce 
the oxidation number of the metal ions, one or more reducing 
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agents are included in the bath. In one embodiment, the 
reducing agents are selected to be alkaline metal-free 
reducing agents such as ammonium hypophosphite, 
dimethylamine borate (DMAB) , and/or glyoxylic acid in a 
concentration range of about 2 to 30 g/1. The bath may also 
include one or more alkaline metal-free chelating agents 
such as citric acid, ammonium chloride, glycine, acetic 
acid, and/or malonic acid in the concentration range of 
about 5 to 70 g/1 for, in one respect, complexing copper. 
Still further, one or more organic additives may also be 
included to facilitate hydrogen evolution. Suitable organic 
additives include Rhodafac RE-610™, cystine, Triton x-100™, 
polypropylene glycol ( PPG) /polyethylene glycol (PEG) (in a 
molecular range of approximately 200 to 10,000) in a 
concentration range of about 0.01 to 5 g/1. An alkaline 
metal-free pH adjuster such as ammonium hydroxide (NH4OH) , 
tetramethyl ammonium hydroxide (TlXLAH) , tetraethyl ammonium 
hydroxide (TEAH) , tetrapropyl ammonium hydroxide (TPAH) , 
and/or tetrabutyl ammonium hydroxide (TBAH) , may further be 
included in the bath to achieve a suitable pH range, such as 



for an electroless plating bath such as described is on the 
order of 30 to 90°C. 



and pH adjusters, the plating bath contains no metals other 
than those desired for plating. Significantly, the plating 
bath, in one embodiment, does not contain potassium or 
sodium as typically used in prior art plating operations. 
Metal ions present in the bath such as potassium and sodium 
can contaminate a plated material. By using metal-free 
components, the risk of contamination is minimized. Another 
advantage of the described bath and the electroless process 



a pH range of 3 to 14. 



A representative process temperature 



[0032] 



By using metal-free reducing agents, additives. 
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is that the plating operation may be accomplished without an 
activation step as previously used in typical plating 
processes. Still further, the use of more than one reducing 
agent allows various alloys to be introduced as shunt 
material 180. 

[0033] As described, the chemically-induced oxidation- 

reduction reaction or electroless plating process introduces 

(e.g., plates) shunt material 180 to exposed conductive 
surfaces (e.g., metals) amenable- to a chemically-induced 
oxidation-reduction reaction. Prior to the plating 
operation, the surface of the exposed conductive material on 
structure 100 can be treated to improve the uniformity of 
the electroless plating of shunt material 180. In the case 
of surface treating the exposed conductive surfaces to 
improve uniformity of electroless shunt material plating, 
the exposed conductive material may be surface treated with 
an agent such as a 1 to 20 percent by volume hydrofluoric 
acid (HF) , sulfuric acid (H2SO4) , sulfonic acids such as 
methanesulf onic acid (MSA) ethanesulf onic acid (ESA) , 
propanesulf onic acid (PSA), and/or benzene sulfonic acid 

(BSA) for cleaning of copper interconnect material. 

[0034] Prior to the electroless plating process, 

interconnection material 160 may also be doped. In the case 
of doping of copper interconnection material with, for 
example, paladium, the doping may be accomplished by 
introducing a palladium activation solution. Suitable 
activation solutions include palladium chloride (0.01 to 2 
g/1) and hydrochloric acid (0.01 to 30 milliliters per liter 
(ml/1)), acetic acid (100-600 ml/1), hydrofluoric acid or 
ammonium fluoride (1 to 70 g/1) . If doping of copper lines 
with gold (Au) , platinum (Pt) , silver (Ag) , tin (Sn), rhodum 
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(Ru) , and/or rutherium (Ru) is required, such metals can be 
introduced to the copper interconnect material by contact 
displacement from solutions containing the metal salts and 
acids such as hydrochloric acid, hydrofluoric acid, sulfuric 
acid, and nitric acid. 

[0035] Figure 2 shows an interconnect structure having a 

shunt material as a cap or overlying structure. As a non- 
limiting example, a shunt material having a thickness on the 
order of 5 to 300 nanometers (nm) is suitable. - 

[0036] Figures 3-6 illustrate a second embodiment wherein 

conductive shunt material is used to encapsulate an 
interconnect material. Referring to Figure 3, a cross- 
es section of a portion of an integrated circuit structure 
ly similar to that described with respect to Figure 1 is shown. 
In structure 200 includes substrate 210 with contact point 220 
""'7 that is a circuit device such as a transistor or an 
If underlying interconnect structure. Via 270 and trench 275 
m are formed in dielectric material 230 overlying structure 

210. Barrier material 240 of, for example, tantalum, 
13 tantalum nitride, tantalum silicon nitride, tungsten, 

tungsten nitride, tungsten silicon nitride, titanium, 
titanium nitride, titanium silicon nitride, or cobalt line 
the side walls and bottom of via 270 and trench 275. 
Optionally, a seed material (not shown) may overly barrier 
material 240 and via 270 and trench 275. 

[0037] Figure 4 shows structure 200 of Figure 3 after the 

introduction of shunt material 280A, With reference to 
Figure 2 and the accompanying text regarding introduction of 
shunt material 180, shunt material 280A may be introduced in 
a similar manner by way of a chemically-induced oxidation 
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reduction reaction or electroless plating process over the 
exposed conductive surfaces of structure 200. In one 
embodiment, the exposed conductive surfaces of structure 200 
include barrier material 240 or a seed material overlying 
barrier material 240 and possibly contact point 220. 
Suitable materials for shunt material 280A are similar to 
those described above, and include electroless metals such 
as cobalt and nickel, and their alloys, including alloys 
containing noble and refractory metals as well as metalloids 
such as phosphorous and boron. Referring to Figure 4, shunt 
material 280A lines the side walls and bottom of via 270 and 
trench 275. 

[00381 Following the introduction of shunt material 280A, 

conformally about via 270 and trench 275, structure 200 may 
be annealed to improve the adhesion of shunt material 280A 
to barrier material 240. In one embodiment, structure 200 
is annealed in a reducing ambient such as nitrogen and 
hydrogen, hydrogen alone, or argon and hydrogen. 
Alternatively, structure 200 may be annealed in a vacuum. 

[0039] Following the introduction of shunt material 280A 

and a subsequent anneal, seed material 290 is introduced as 
shown in Figure 5 over shunt material 280A to, in one sense, 
improve the adhesion between shunt material 280A and a 
subsequently introduced interconnect material. A suitable 
seed material for a copper interconnect material is a 
copper-based seed. In one embodiment, a copper-based seed 
material may be introduced according to a electroless 
plating process. One way to introduce copper through an 
electroless plating process is submerging structure 200 in a 
bath containing copper ion (e.g., 1-5 g/1), EDTA (10-60 
g/1) , glyoxylic acid as a reducing agent (2-20 g/1) , and pH 

15 
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adjusters such as tetramethyl ammonium hydroxide (TMAH) 
and/or ammonium hydroxide (NH4OH) . After the plating of 
electroless seed material 290, the structure may again be 
annealed to improve the adhesion of seed material 290 to a 
subsequently introduced interconnect material. In one 
example, the anneal is performed in a reducing ambient 
(nitrogen/hydrogen, hydrogen alone, or argon/hydrogen) or a 
vacuum. 

[0040] Figure 6 shows structure 200 after the 

introduction of interconnect material 260. In one 
embodiment, interconnect material 2 60 is. copper or a copper 
alloy such as described above. In the case of an alloy, as 
noted above, the alloy may be plated or the copper 
introduced and doped. Following the introduction of 
interconnect material 260 of, for example, copper or a 
copper alloy, structure 200 may be planarized, if necessary, 
by, for example, a chemical-mechanical polish to expose 
dielectric material 230 and to define the interconnect 
structures . 

[0041] Referring to Figure 7, shunt material 2 8 OB may at 

this point be optionally introduced to encapsulate 
interconnect material 260. Suitable materials for shunt 
material 280B are similar to those described above, and 
include cobalt and nickel, and their alloys, including 
alloys containing noble and refractory metals as well as 
metalloids such as phosphorous and boron. The introduction 
of shunt material 280B may be accomplished as described 
above with reference to Figure 2 and shunt material 180 such 
as by a chemically-induced oxidation-reduction reaction or 
electroless plating process. 
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[0042] Encapsulated interconnect structure, i.e., 

interconnect structure with encapsulated interconnect 
material 2 60 provides a mechanical frame to support 
interconnect material 260. Encapsulating interconnection 
material 260 improves the electromigration performance 
particularly where dielectric material 230 is a low k 
dielectric material that may be softer than Si02. The 
encapsulated interconnect structure also provides an 
additional barrier around interconnect material 260. In the 
case of copper interconnect material, it has been observed 
that electromigration performance is limited by surface 
diffusion along copper interconnect lines. By encapsulating 
the copper material with shunt materials 280A and 280B, the 
surface diffusion may be limited thus improving 
electromigration performance. 

[0043] The electroless plating process described above 

with respect to the encapsulated structure also describes an 
electroless introduction of a copper seed material. The 
electroless plating of seed material can replace the 
traditional physical deposition introduction of seed 
material . 

[0044] In addition to the benefits noted above with 

respect to the encapsulated structure, the benefits seen 
with the shunt material cap in reference to Figure 2 and the 
accompanying text are also experienced with the encapsulated 
structure shown in Figure 7. Namely, shunt material 280B 
will improve adhesion of the interconnect structure to an 
overlying dielectric material, including a silicon nitride 
etch stop layer typically introduced as an interlayer 
material. Shunt material 280B can also eliminate the need 
for an additional etch stop layer such as silicon nitride as 
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shunt material 280B can serve such purpose. In this manner, 
improved dielectric materials, including improved low k 



structures. Still further, as noted above, shunt material 
280B will also reduce hillock or blister formation during 
subsequent anneal processes and will also improve the ware 
resistance of interconnect material 260. 



interconnect structure. Figure 8 shows structure 300 that 
is a portion of an integrated circuit • structure similar to 
structures 100 and 200 described above. Structure 300 
includes substrate 310 having contact point 320 that is, for 
example, a circuit device including a transistor or an 
interconnect. Overlying contact point 320 is an 
interconnect structure formed in via 370 and trench 375 
through dielectric material 330. The interconnect structure 
includes shunt material 380A introduced in via 370. In this 
embodiment, shunt material 380A substantially fills via 370. 
Shunt material 380A may be introduced by a chemically- 
induced oxidation-reduction reaction or electroless plating 
process, using contact point 320 as a surface to initiate 
the plating process. Alternatively, a barrier material such 
as described above may be introduced along the side walls 
and base of trench and via 370 prior to introduction of 
shunt material 380A. 

[0046] Figure 8 shows barrier material 340 introduced 

along the side walls and base of trench 375. In this 
embodiment, barrier/seed material is omitted from the via 
and, instead, shunt material 380A substantially fills via 
370. Overlying barrier material 340 is optional shunt 
material 380B. Overlying shunt material 380B is optional 



dielectric material may be used to isolate the interconnect 



[0045] 



Figure 8 shows another embodiment of an 
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seed material 390 of, for example, electroless plated 
copper. Interconnect material 360 of, for example, copper 
or a copper .alloy, is introduced within trench 375 to fill 
the trench. Shunt material 380C is optionally introduced to 
encapsulate interconnect -material 360 similar to the shunt 
material cap described above with reference to Figure 2. 
Suitable materials for shunt material 380A, shunt material 
380B, and shunt material 380C are similar to those described 
above, and include cobalt and nickel, and their alloys, 
including alloys containing noble and transition metals as 
well as phosphorous and boron. 

[0047] Advantages of selectively filling via 370 with 

shunt material includes that the resulting interconnect 
structure provides low contact resistance by eliminating an 
interface between plugs and metal layers where such plugs, 
(e.g., W) may have been used in prior art processes. The 
introduction of shunt material 380A in via 370, particularly 
by a chemically-induced oxidation-reduction reaction or 
electroless plating process also reduces gap-fill problems 
seen in plating copper into via in the prior art. The 
reduction in gap-fill problems improves the vias resistance 
and thus the interconnect performance. While not wishing to 
be bound by theory, it is believed that the gap-fill 
problems may be avoided since the electroless process 
essentially glows shunt material 280A from the surface of 
the underlying conductive surface, thus reducing the 
possibility of such via forming. 

[0048] Methodologies used to introduce the above- 

mentioned materials and structures by electroless plating 
include submerging the substrate (wafer) to be plated into 
an electroless plating bath. Typically, the wafer is held 
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in an apparatus with seals to prevent exposure of the 
backside of the wafer to plating chemicals (thereby reducing 
the potential for backside metal contamination of the 
wafer) . A wafer holder may hold the wafer with the device 
side (where circuits are or are to be formed) face down or 
face up, which may reduce complications to the deposition 
due to gas evolution during the plating process. The 
temperatures required to facilitate the desired reaction may 
be achieved by heating the wafer, heating the bath or a 
combination of the two. In another embodiment, a dispensed 
plating is suitable. In this process, chemicals are 
dispensed onto the device side of , the wafer while again the 
backside is protected from exposure. This configuration may 
have the advantage of limiting the interaction between 
reducing and oxidizing agents to tubing or other apparatus 
situated very close to the target wafer. Consequently, 
little or no depletion of the metal ions to be deposited 
occurs due to decomposition of the plating fluids. Again, 
the reaction temperatures are achieved by heating the wafer, 
the plating chemicals or both. In another embodiment, 
electroless deposition is performed on a wafer scrubber. A 
scrubber typically consists of cylindrical rotating pads 
which mechanically remove debris from both sides of the 
wafer. The scrubbing step is typically, the final step of a 
chemical mechanical polish (CMP) process. Since shunt 
material introduction as described above typically follows 
CMP, electroless introduction on a wafer scrubber allows for 
integration of the electroless process onto a single CMP 
tool. 



[0049] In the preceding detailed description improved 

interconnect structures incorporating a shunt material and 
techniques of forming such structures are presented. The 
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invention is described with reference to specific 
embodiments thereof. It will, however, be evident that 
various modifications and changes may be made thereto 
without departing from the broader spirit and scope of the 
invention as set forth in the claims. The specification and 
drawings are, accordingly, to be regarded in an illustrative 
rather than a restrictive sense. 




